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Color image segmentationAbstract Reflection effects such as shading, gloss, and highlight affect the appearance of color
images greatly. Therefore, image representations invariant to these effects were proposed for color
images. Most of the conventional invariant methods used the dichromatic reflection model assum-
ing the presence of dielectric material in the captured image. Recently, a pixel-based invariant rep-
resentation for color images, assuming that the image includes dielectric materials and metals, was
introduced. However, the pixel-based representation was noisy and did not have sharp edges. This
paper proposes a block-based illumination-invariant representation for color images including
dielectric materials and metals. The proposed algorithm divides image into sub-blocks and applies
the invariant equations within each block. Experiments show that the proposed algorithm has clear
and sharp edges over the pixel-based algorithm. The results show the performance and stability of
the proposed algorithm. As an application, the proposed invariant method is applied to color image
segmentation problem.
 2016 Faculty of Engineering, Ain Shams University. Production and hosting by Elsevier B.V. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Real-world image depends on reflectance of the object surface
and illumination spectrum. It may also include reflection
effects such as highlight and shadow which can affect the
appearance of real objects in color images greatly. Therefore,
image representations invariant to reflection effects wereproposed for color images in a variety of ways [1–8]. These
invariant representations play an important role in many
applications. However, most of the conventional invariant
methods used the dichromatic reflection model by Shafer [9]
assuming dielectric material for object surfaces, e.g. plastics
and paints. Recently, a pixel-based invariant for color images,
including dielectric materials and metals, was proposed by [5].
This representation was derived from the dichromatic reflec-
tion model and the extended dichromatic reflection model
[10]. We believe that this algorithm can be further improved
since the output representation is noisy and did not have sharp
edges.
Removing highlights and shadows as a pre-processing stage
makes color image features more adequate for further
processing. One of the most important applications of the
invariant representation of color images is image.doi.org/
2 A. Ibrahim et al.segmentation. Segmentation is the process of partitioning a
color image into connected regions or sets of pixels. This can
improve the computational efficiency of algorithms, as it
reduces hundreds of thousands of pixels to at most a few thou-
sand regions. Segmentation algorithms can be categorized as
either graph based [11–14] or gradient-ascent based [15–19].
This paper proposes a block-based invariant representation
for color images which can include dielectric materials and
metals objects. The proposed algorithm divides the colorColor Image
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Figure 2 Original color images contain metal and dielectric objects: (
images.
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10.1016/j.asej.2016.04.011image into non-overlapped sub-blocks and the invariant infor-
mation is calculated for each block. The representation of each
individual block is presented by the successful retrieval of the
information embedded in it. If the invariant representation
of a particular sub-block is not applied successfully, then that
sub-block alone is affected and the remaining parts of the
image will be well represented. The algorithm divides the color
image into reasonable block size and applies the invariant

































a) and (c) the original color images; (b) and (d) the 3D view of the
nt representation for color images. Ain Shams Eng J (2016), http://dx.doi.org/
Block-based illumination-invariant representation 3In experiments, different color images including a variety
of objects have been tested. Experiments show that the
proposed algorithm has clear and sharp edges over
the pixel-based invariant algorithm. The results show the
performance and stability of the proposed method. As an
application, the proposed method is applied to color image
segmentation problem. Segmentation method is used to
extract regions from the invariant image. To evaluate the
segmentation, the segmented image based on the proposed
block-based invariant is compared with the segmented
images based on pixel-based invariant and the original
image.
The rest of this paper is organized as follows: Section 2
introduces the dichromatic reflection models. The pixel-based
invariant model is introduced in Section 3. Section 4 presents
the proposed block-based invariant model in detail. Section 5
shows the steps for color image segmentation. Experimental
results are shown in Section 6. Section 7 presents the conclu-
sion and future work.Figure 4 The proposed block-based invariant evaluation for the colo
(b) and (d) the proposed block-based invariant algorithm.
Figure 3 The proposed block-based invariant evaluation for the colo
(b) and (d) the proposed block-based invariant algorithm.
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2.1. Standard reflection model
The standard reflection model by [9] suggests that light
reflected from the surface of an inhomogeneous object is com-
posed of two additive components, interface reflection and
body reflection. For a wavelength k ranging over a visible
wavelength representing the red, green, and blue sensor
responses of a color imaging system and the geometric param-
eter h, the surface reflectance function Sðh; kÞ, independent of
illuminant, can be expressed as
Sðh; kÞ ¼ cIðhÞSIðkÞ þ cBðhÞSBðkÞ ð1Þ
where SIðkÞ and SBðkÞ are the surface reflectance of the inter-
face and body components, respectively. The weights cIðhÞ and
cBðhÞ are the geometrical scale factors. However, the neutral
interface reflection (NIR) assumption states that the interfacer image in Fig. 2(c): (a) and (c) pixel-based invariant algorithm [5];
r image in Fig. 2(a): (a) and (c) pixel-based invariant algorithm [5];
nt representation for color images. Ain Shams Eng J (2016), http://dx.doi.org/
Figure 5 Samples from the Berkeley Segmentation Dataset (BSD) database [21]: (a) original image, (b) reference edges, (c) reference
segmentation.
4 A. Ibrahim et al.
Please cite this article in press as: Ibrahim A et al., Block-based illumination-invariant representation for color images. Ain Shams Eng J (2016), http://dx.doi.org/
10.1016/j.asej.2016.04.011
Figure 6 Image segmentation evaluation for the proposed block-based invariant method: (a) original image as in Fig. 5(a), (b)
superpixels using pixel-based invariant [5], (c) superpixels using block-based invariant, (d) segmentation of the original image, (e)
segmentation of the pixel-based invariant, (f) segmentation of the proposed block-based invariant.
Figure 7 Image segmentation evaluation for the proposed block-based invariant method: (a) original image as in Fig. 5(a), (b)
superpixels using pixel-based invariant [5], (c) superpixels using block-based invariant, (d) segmentation of the original image, (e)
segmentation of the pixel-based invariant, (f) segmentation of the proposed block-based invariant.
Block-based illumination-invariant representation 5reflection component SIðkÞ ¼ ScI is constant over the range of
visible wavelength. This allows Eq. (1) to be written as
Sðh; kÞ ¼ c0IðhÞ þ cBðhÞSBðkÞ ð2Þ
where c0IðhÞ ¼ cIðhÞScI is a constant. The standard reflection
model is valid for a variety of inhomogeneous dielectric objects
including plastic and paint. However, this model is not valid
for homogeneous objects such as metals.Please cite this article in press as: Ibrahim A et al., Block-based illumination-invaria
10.1016/j.asej.2016.04.0112.2. Extended reflection model
Metal is a homogeneous material that consists of only inter-
face reflection component. The body reflection component in
the reflected light is negligibly small in such kind of materials.
The surface reflection depends on the incident angle of illumi-
nation. This type of surface reflection is called the extended
dichromatic reflection model [10]. In this model, the surface
reflectance function can be expressed asnt representation for color images. Ain Shams Eng J (2016), http://dx.doi.org/
Figure 8 Image segmentation evaluation for the proposed block-based invariant method: (a) original image as in Fig. 5(a), (b)
superpixels using pixel-based invariant [5], (c) superpixels using block-based invariant, (d) segmentation of the original image, (e)
segmentation of the pixel-based invariant, (f) segmentation of the proposed block-based invariant.
Figure 9 Image segmentation evaluation for the proposed block-based invariant method: (a) original image as in Fig. 5(a), (b)
superpixels using pixel-based invariant [5], (c) superpixels using block-based invariant, (d) segmentation of the original image, (e)
segmentation of the pixel-based invariant, (f) segmentation of the proposed block-based invariant.
6 A. Ibrahim et al.Sðh; kÞ ¼ cI1ðhÞSIðkÞ þ c0I2ðhÞ ð3Þ
The first term, cI1ðhÞSIðkÞ, corresponds to the specular
reflectance at the normal incident and the second term,
c0I2ðhÞ, is constant over the visible wavelength range which cor-
responds to the grazing reflection at the horizontal incident.
This model is valid for homogeneous objects such as metals.Please cite this article in press as: Ibrahim A et al., Block-based illumination-invaria
10.1016/j.asej.2016.04.0113. Pixel-based invariant representation
The pixel-based invariant representation for color images was
provided mathematically by [5]. Using Eq. (2) of the standard
reflection model, the subtraction of one color from another
eliminates the interface reflection component c0IðhÞ. Then thent representation for color images. Ain Shams Eng J (2016), http://dx.doi.org/
Figure 10 Image segmentation evaluation for the proposed block-based invariant method: (a) Original image as in Fig. 5(a), (b)
Superpixels using pixel-based invariant [5], (c) Superpixels using block-based invariant, (d) Segmentation of the original image, (e)
Segmentation of the pixel-based invariant, (f) Segmentation of the proposed block-based invariant.
Block-based illumination-invariant representation 7ratio of two subtractions between colors eliminates the remain-
ing weighting coefficient cBðhÞ. Next, the reflection model of
metal object is considered. Eq. (3) can be used in the same
fashion mathematically as the standard model in Eq. (2) for
dielectric, although the two reflection models are physically
different. Therefore the authors in [5] derived an invariant rep-
resentation formula that is valid for all materials including
inhomogeneous dielectric and homogeneous metal based on
simple subtraction and division operations using the minimum
value of surface reflectance to preserve the original color
characteristics.
The pixel-based invariant representation for color images
was provided as follows:
S0ðiÞ ¼ S
ðiÞ min SðRÞ;SðGÞ;SðBÞ ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃP
j¼fR;G;Bg S
ðjÞ min SðRÞ;SðGÞ;SðBÞ  2
q ; ð4Þ
This representation is calculated pixel-by-pixel for
i ¼ fR;G;Bg which represents the red, green, and blue vectors.
Its validity for both standard and extended reflection models
was evaluated. The transformed reflectance values S0 can bePlease cite this article in press as: Ibrahim A et al., Block-based illumination-invaria
10.1016/j.asej.2016.04.011used as an invariant operation for a variety of applications.
However, it is noted that the output representation is noisy
and did not have sharp edges.
4. Proposed block-based invariant representation
In the proposed block-based algorithm, the color image is
divided into sub-blocks. The representation of each individual
block is presented by the successful retrieval of the information
embedded in it. If the invariant representation of a particular
sub-block is not applied successfully, then that sub-block alone
is affected and the remaining parts of the image will be well
represented. Thus, the proposed algorithm divides the color
images into non-overlapping sub-blocks and the representa-
tion information is calculated for every block.
The proposed algorithm divides the RGB images into 4 4
blocks, which can be considered as a reasonable block size, and
applies the invariant equations within each block. Note that,
increasing the block size increases the required time to calcu-
late the invariant representation. The block diagram of the
proposed invariant method is shown in Fig. 1. The proposednt representation for color images. Ain Shams Eng J (2016), http://dx.doi.org/
8 A. Ibrahim et al.model details are shown in Algorithm 1. This invariant algo-
rithm is valid for color images including dielectric materials
and metals.
Algorithm 1. Block-based invariant algorithm
1. Input the RGB color image I.
2. Divide image I into 4 4 non-overlapping blocks, each block
is reshaped to be a 16 3 matrix of Si pixels, i ¼ 1; . . . ; 16,
with 3 vectors of RGB.
3. Select the minimum value of the minimum vector from the










4. Calculate the normalized value (N) usingﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃP
j¼fR;G;Bg S
ðjÞ minfi¼1;...;16g min SðRÞi ; SðGÞi ; SðBÞi
n o  2r
for
Si pixels.
5. Calculate the invariant representation S0 for the block as
S0ðjÞi ¼ 1N SðjÞi minfi¼1;...;16g min SðRÞi ; SðGÞi ; SðBÞi
n o  
for
j ¼ fR;G;Bg and N is the normalized value calculated in step
4.
6. Repeat steps from (3) to (5) for each block of the entire image









Test image 1 0.4363 0.9438
Test image 2 0.3216 0.8726
Test image 3 0.3200 0.8022
Test image 4 0.7154 0.9203
Test image 5 0.6686 0.81255. Color image segmentation application
As an application, the proposed block-based invariant model
is applied to color image segmentation problem. The suggested
steps for color image segmentation based on the proposed
block-based invariant representation are discussed in this sec-
tion. The suggested steps are as follows:
1. Input color image I including metal and dielectric objects.
2. Apply the proposed block-based invariant method in
Algorithm 1 with a 4 4 non-overlapped block size to
produce invariant representation I1.
3. Apply the pixel-based invariant method [5] to produce
invariant representation I2.
4. Find the segmented image of the image I using the ‘Canny’
edge detection method.
5. Find the segmented image of the representation I1 using the
‘Canny’ edge detection method.
6. Find the segmented image of the representation I2 using the
‘Canny’ edge detection method.
6. Experiments
In the experiments, two main scenarios were designed to eval-
uate our proposed method. The first scenario was to check the
accuracy of the proposed block-based invariant representation
over the pixel-based invariant representation [5]. The second
scenario was to evaluate the accuracy of the color image seg-
mentation based on the proposed block-based invariant
representation.
In the first scenario, the proposed block-based invariant
model is tested using color images including metal (copper)
and dielectric (plastic and ceramic) objects. The objects are
observed by a Canon 5D Mark II digital camera under the
same light source of an incandescent lamp. The illuminationPlease cite this article in press as: Ibrahim A et al., Block-based illumination-invaria
10.1016/j.asej.2016.04.011color is estimated from the interface reflection component of
dielectric objects surfaces for natural color images [20].
Fig. 2 shows the original color images. The 3D view of the
input images shows that these images have the problems of
shadows and highlights. Figs. 3 and 4 show the evaluation of
the proposed model and illustrate the 3D view of the invariant
images of the color images in Fig. 2. Figs. 3(a) and 4(a) show
the invariant representation of the pixel-based algorithm by
[5]. The proposed block-based invariant algorithm results are
shown in Figs. 3(b) and 4(b). Note that the proposed block-
based algorithm has clear and sharp edges over the pixel-
based invariant algorithm for different materials. Thus, the
results show the performance and stability of the proposed
algorithm.
In the second scenario, the color image segmentation is
tested using the Berkeley Segmentation Dataset (BSD) data-
base [21]. A number of images are selected as samples to show
the effectiveness of the suggested model. Fig. 5 shows the
selected color images for different objects, the relevant refer-
ence edges and the reference segmentation. Fig. 5(a) shows
the original images, Fig. 5(b) shows the reference edges and
Fig. 5(c) shows the manually segmented image. The segmenta-
tion of the original images, pixel-based invariant, proposed
block-based invariant are shown in Figs. 6–10.
Figs. 6(a), 7(a), 8(a), 9(a) and 10(a) present the original
images as in Fig. 5. Superpixels for the pixel-based invariant
[5] are shown in Figs. 6(b), 7(b), 8(b), 9(b) and 10(b). The sug-
gested segmentation results using the proposed block-based
invariant are shown in Figs. 6(c), 7(c), 8(c), 9(c) and 10(c). Seg-
mentation of the original image, pixel-based invariant, and the
proposed block-based invariant are shown in Figs. 6–10(d),
(e), and (f).
The accuracy of the segmentation results between the seg-
mented image and the reference image is numerically demon-
strated by similarity measures. The similarity measure is used
for labeled images shown in [22]. The similarity is calculated
based on binary relations of arbitrary pixels in the labeled
images. Thus this measure can evaluate both area-based
labeled images and pixel-based labeled images for the seg-
mented color images.
Table 1 lists the numerical accuracy of segmentation results
for the proposed method. The accuracy using the similarity
measure shows that the color image segmentation based on
the proposed block-based algorithm achieves high accuracy.
It has clear and sharp edges over the segmentation model
based on the pixel-based invariant algorithm for different color
images. These results show the performance and stability of
the suggested algorithm.nt representation for color images. Ain Shams Eng J (2016), http://dx.doi.org/
Block-based illumination-invariant representation 97. Conclusion
This paper proposed a block-based invariant representation
for color images including dielectric materials and metals.
The proposed algorithm divided the images into sub-blocks
and applied the invariant equations within each block. The
representation is valid for the standard and the extended
dichromatic reflection models of dielectrics and metals.
Experiments using different color images have shown that
the proposed algorithm has clear and sharp edges over the
pixel-based invariant algorithm. The results have shown the
performance and stability of the proposed algorithm. For
color image segmentation, the results have shown that the
segmentation based on the proposed block-based algorithm
has clear and sharp edges over the segmentation based on
the pixel-based invariant algorithm for different color images.
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